We perform a spatially resolved X-ray spectroscopic study of a set of 11 relaxed clusters of galaxies observed by the ROSAT/PSPC and ASCA/SIS. Using a method which corrects for the energy dependent effects of the ASCA PSF based on the ROSAT images, we constrain the spatial distribution of Ne, Si, S and Fe in each cluster. Using theoretical prescriptions for the chemical yields of Type Ia and II supernovae, we determine the Fe enrichment from both types of supernovae as a function of radius within each cluster. Using optical measurements from the literature, we also determine the iron mass-to-light ratio (IMLR) separately for Fe synthesized in both types of supernovae. For clusters with the best photon statistics, we find that the total Fe abundance decreases significantly with radius, while the Si abundance is either flat or decreases less rapidly, resulting in an increasing Si/Fe ratio with radius. This result indicates a greater predominance of Type II SNe enrichment at large radii in clusters. On average, the IMLR for Fe synthesized within Type II SNe increases with radius within clusters, while the IMLR for Fe synthesized within Type Ia SNe decreases with radius. At a fixed radius of 0.4 R virial there is also a factor of 10 increase in the IMLR for Fe synthesized by Type II SNe between groups and clusters. This suggests that groups expelled as much as 90% of the Fe synthesized within type II SNe at early times. In addition, we find that the Si/Fe ratios in the outer portions of some clusters are higher than that expected based on the theoretical predictions of Type II SNe yields. All of these results are consistent with a scenario in which the gas was initially heated and enriched by Type II SNe driven galactic winds. Due to the high entropy of the preheated gas, SN II products are only weakly captured in groups. Gravitationally bound gas was then enriched with elements synthesized by Type Ia supernovae as gas-rich galaxies accreted onto clusters and were stripped during passage through the cluster core via density-dependent mechanisms (e.g. ram pressure ablation, galaxy harassment etc.). We suggest that the high Si/Fe ratios in the outskirts of rich clusters may arise from enrichment by Type II SNe with low metallicity progenitors. This is consistent with our basic scenario, since gas at the largest radii in clusters should have been enriched at the earliest times by the lowest metallicity stars. Low metallicity progenitor stars can also account for the low S/Fe ratios observed in clusters.
INTRODUCTION
Understanding the formation and evolution of large structures like groups and clusters of galaxies is one of the main goals of contemporary astrophysics. The presence of hot Xray emitting gas in clusters is an invaluable diagnostic of the dynamic, thermodynamic, and chemical state of clusters. The discovery of Fe-K line emission in cluster spectra by Mitchell et al. (1976) and Serlemitsos et al. (1977) was the first indication that some of the hot intracluster gas originated within galaxies. Heavy elements can be supplied to the cluster gas through galactic winds (De Young 1978; David, Forman, and Jones 1991; White 1991; Metzler & Evrard 1994) and ram pressure stripping (Gunn and Gott 1971) . Estimates of the iron abundance in clusters from HEAO-1, Exosat, Ginga, and ROSAT observations show that most rich clusters have iron abundances within 25%-50% of the solar value. Arnaud et al. (1992) showed that there is a strong correlation between the Fe mass in rich clusters and the luminous mass in E and S0 galaxies. Such a correlation suggests that, at least in rich clusters, the iron may predominantly originate from early type galaxies. Even though the Fe abundances in clusters are typically sub-solar, there is a considerable amount of Fe in the intracluster medium since the hot gas comprises approximately 5 times the luminous mass in galaxies (David et al. 1990 , Arnaud et al. 1992 . As noted by Renzini (1997) , the Fe mass-tolight ratio (IMLR) for the hot gas in clusters is typically ∼0.02 M ⊙ /L ⊙ and is several times larger than that locked up in stars. Thus, not only does the hot gas contain most of the baryons in clusters, it also contains most of the heavy elements.
To determine the exact origin of the heavy elements in clusters requires information on the abundance of several heavy elements which is now possible with ASCA. Galactic winds primarily occur at early times and enrich the intergalactic medium with Type II SN ejecta which is abundant in α-process elements. Ram pressure stripping of galaxies occurs over a longer period as clusters continuously accrete field galaxies and enrich the intergalactic medium with Type Ia SN ejecta which is abundant in Fe. Loewenstein & Mushotzky (1996) showed that the abundance ratios of α-process elements relative to Fe outside the central regions of four rich clusters was similar to that of Type II SN ejecta. Fukazawa et al. 1998 have shown that globally averaged Fe abundances outside cluster cores are nearly independent of gas temperature, while Si abundances increase significantly with gas temperature. This suggests that there is an increasing predominance of type II SN in the enrichment process of richer clusters. In general, the heavy elements that originate from type II SN are a direct measure of the stellar initial mass function (IMF) and the gas retention ability of clusters. In Finoguenov & Ponman (1999) , we demonstrated that both SN Ia and SN II make a significant contribution to the enrichment of the intergalactic medium by comparing the metal content of groups with that of a cluster of galaxies. The contribution from SN Ia reduces the need to invoke a flat IMF (greater fraction of massive stars) in order to explain the total mass of heavy elements found in the IGM (Wyse 1997) if it assumed that all heavy elements originate from type II SN. We found that SN II products are widely distributed within the IGM, which probably indicates that the ejecta were released at early times in the formation of clusters via energetic galactic winds. The observed iron mass-to-light ratios indicate that rich clusters retained the SN II products more efficiently than groups at all radii from 0.05 to at least 0.4 of R virial . In contrast, the distribution of Fe attributed to SN Ia is more centrally peaked, with a core radius comparable to the optical radius of the system. This indicates that the primary gas enrichment mechanism is strongly density-dependent, such as gas ablation, ram pressure stripping, or galaxy-galaxy interactions. Significant quantities of SN Ia products also appear to have been lost from the shallower potential wells of groups, suggesting the importance of energetic ejection at late times, possibly through SN Ia-driven winds from low-luminosity galaxies.
In this Paper, we present an extensive study of the distribution of heavy elements in groups and clusters and discuss the implications regarding the chemical enrichment process of the intracluster medium. The elemental abundances are determined using a 3-dimensional modeling of ASCA/SIS data. This procedure takes advantage of the higher spatial resolution ROSAT observations, which are used for modeling the broader, energy dependent PSF of the ASCA XRT. We present new spectroscopic analysis for MKW4, A496, A780, A1060, A1651, A2029, A2199, A2597, A2670, A3112, and A4059. This sample, contains almost all of the 4 keV clusters observed by ASCA, from which we can determine the abundance of several heavy elements. Our sample also contains MKW4 and A1060, which are slightly cooler, and A2029 and A1651 which are slightly hotter. To complete our sample, we include previously published results on M87 ; AWM7 (Finoguenov & Ponman 1999) ; and the groups NGC5044, HCG51, and HCG62 (Finoguenov & Ponman 1999) , which sample the low-temperature end.
This paper is organized as follows: in 2 we describe our analysis technique; in 3 we present the radial abundance profiles of Fe, Si, Ne and S; and in 4 we analyze the spatial distribution of abundance ratios in our cluster sample. In (section 5) we discuss the contribution to the heavy element abundance in clusters by central dominant galaxies and discuss the relative importance in the overall enrichment process by different types of supernovae. Our main results are summarized in (6) along with a discussion about their implications for cluster evolution. We assume H o = 50 km s −1 Mpc −1 throughout the paper.
DATA REDUCTION
A detailed description of the ASCA observatory as well as the SIS detectors can be found in Tanaka, Inoue & Holt (1994) and Burke et al. (1991) . All observations are screened using FTOOLS version 4.1 with standard screening criteria. The effect of the broad ASCA PSF is treated as described in , including the geometrical projection of the three-dimensional distribution of X-ray emitting gas. Our minimization routines are based on the χ 2 criterion. No energy binning is done, but a special error calculation is introduced as in Churazov et al. (1996) , to properly account for small number statistics. Model fits to ROSAT (Truemper 1983) surface brightness profiles are used as input to the ASCA data modeling. For regions with complex structure (e.g. the central part of A2670 which has a bimodal structure), we used the actual PSPC image of the central region (rather than just its radial profile) as a basis for the ASCA modeling. The details of our minimization procedure for ASCA spectral analysis are described in Finoguenov and Ponman (1999) . We adapted the XSPEC analysis package to perform the actual fitting and error estimation. The spatially resolved spectral characteristics are quoted as the best fit solution plus an estimate of the 90 % confidence area of possible parameter variation based on the regularization technique (Press et al. 1992; Finoguenov and Ponman 1999) . For all ROSAT imaging analysis, we use the software described in Snowden et al. (1994) and references therein. We use the MEKAL plasma code (Mewe et al. 1985 , Mewe and Kaastra 1995 , Liedahl et al. 1995 in all of our spectral analysis. All abundances are given relative to the solar values in Anders & Grevesse (1989) . The abundances of He and C are fixed to their solar value. The remaining elements are combined into five groups for fitting: Ne; Mg; Si; S and Ar; and Ca, Fe, and Ni. We restrict our analysis to the energy range 0.8-7.0 keV to avoid the large systematic uncertainties at low energies, which prevent us from determining the O abundance. We do not report the Mg abundance due to the proximity of the Mg K lines with the poorly understood 4-2 transition lines of iron, which are strongest at temperatures of 2 to 4 keV (see Fabian et al. 1994 and Mushotzky et al. 1996) .
The presence of a central cooling flow in some clusters further complicates the spectral analysis. In such cases, we include an additional spectral model (mkcflow) in up to two central spatial bins. No simple correlation was found between our cooling flow mass drop rate estimations and the strength of abundance gradients. However, in selecting our sample we avoided clusters with large cooling flows, so a discussion of the relation of cooling flows and abundance gradients would be incomplete. Table 1 contains the optical and X-ray properties of our sample. Column (1) identifies the system, (2) adopted distance, (3) total blue light, (4) radius of the measurement, (5) estimated blue total based on the Bahcall (1981) central galaxy density within 0.5 Mpc, (6) luminosity of the cD galaxy, and (7) core radius of the galaxy distribution. give the results of the cluster surface brightness fitting based on the sum of two β models, (12) gives the best fit cluster emissionweighted temperature, (13) the corresponding 90% error, (14) the virial radius of the system (R virial = 1.04T 0.5 keV h −1 50 Mpc; Evrard et al. 1996) , (15) mass deposition in a cooling flow, obtained in our spatially resolved spectral analysis of SIS data and (15) a corresponding enclosing radius. Optical luminosities are obtained from the compilation in Arnaud et al. (1992) , converting from V to B using B = V + 0.94. For A780 and A1651 no data on luminosity of the cD galaxy was located. Core radii are obtained from Bahcall et al. (1995) . For clusters without a measured core radius, we use the mean value of 0.24 Mpc from Bahcall et al. (1995) . For MKW4 we derived the core radius from data in Dell 'Antonio, Geller & Fabricant (1995) . For A496, a measurement of the core radius was taken from Willmore et al. (1993) . Cluster data in cols. (12-13) is taken from GIS temperature estimates by Markevitch et al. (1998) . The emission weighted temperatures in col. (12) for the lowtemperature systems are derived from our SIS spectral analysis and account for the presence of cooling flows. In systems with flat gas density profiles, e.g. A1060, MKW4, HCG51 and HCG62, the emission weighted temperatures are slightly dependent on the choice of the cut-off radius.
For clusters without published optical luminosities, the luminosities are derived from the correlation between the X-ray temperature and the Bahcall number density, N 0.5 (Edge & Stewart 1991), the latter is directly related to optical luminosity within 0.5 Mpc (cf Edge & Stewart 1991). Since the correlation found in Edge & Stewart (1991) has such a large scatter, we recalibrated it using ASCA measured temperatures and this paper) and find a best fit relation given by:
FIG. 1.-Cluster gas temperature vs galaxy number density (the Bahcall number) within 0.5 Mpc. The solid line indicates our best-fit relation, and the dashed line indicates the best-fit relation obtained by Edge and Stewart (1991) . Error bars are shown at the 90% confidence level. In order of increasing Bahcall number, the points correspond to Virgo, A1060, AWM7, A2199, A1795, A2141, A2029 and A401.
N 0.5 = 3.46 ± 0.6 × T 1. 058±0.06 ( 1) where T is in units of keV. The errors are given at the 90% confidence level. As can be seen in the figure, the scatter about this line is remarkably small, corresponding to 20% in N 0.5 . While our best-fit relation is within the uncertainties of Edge and Stewart (1991), their best-fit prediction deviates somewhat from the data on the cool clusters Virgo, AWM7, and A1060 (see Fig.1 ). However, since in practice we only use Eq.1 to estimate the cluster blue luminosities for clusters in the range 4-6 keV, no significant difference occurs when their relation is used.
The observation log for the cluster sample is given in Table 2 .
The SIS exposure times are based on applied standard screening.
RADIAL DISTRIBUTION OF HEAVY ELEMENTS
The abundance data, derived in this work, are tabulated in Tab.3.
Iron
Significant Fe abundance gradients are detected in MKW4, A496, A780, A2029, A2199, A2597 and A3112 (see Fig. 2 ). An Fe abundance gradient was previously reported for A780 by Ikebe et al. (1997) using GIS data. Detection of an Fe abundance gradient in A4059 using a wider field of view of GIS (Kikuchi et al. 1999 ) is in agreement with the trend seen in our SIS analysis. Sarazin et al. (1998) reported a marginal Fe abundance gradient in A2029 based on the central ASCA pointing alone. Beyond the cooling flow region in the clusters, we find good agreement between the Fe abundances derived from our three-dimensional modeling technique with those obtained from previous estimates (e.g. Mushotzky et al. 1996 and Fukazawa et al. 1998) .
At a radial distance of 1 Mpc, all clusters have an iron abundance below 0.3 solar. The mean Fe abundance at 1 Mpc is 0.20 solar with an rms of 0.10. Due to the presence of Fe abundance gradients, the Fe abundance in the central spatial bin is sensitive to the physical width of the bin, so nearby systems have higher inferred central abundances. Most of the systems have central Fe abundances in excess of 0.4 solar. The exceptions are A1651 and A2670, which do not have observed Fe abundance gradients, which makes them candidates for a recent merger. A2670 may be undergoing a merger based on optical (Bird 1994 ) and the ROSAT PSPC (Hobbs and Willmore 1997) observations.
Silicon
The Si distribution within the clusters in our sample is, in general, more spatially uniform than the Fe distribution. Even in MKW4, where there is a noticeable Si gradient, the decline in the Si abundance is not as strong as the decline in the Fe abundance. In most clusters, the Si abundance is fairly uniform at 30-50% of the solar value. The only group in our sample, MKW4, has a significantly lower Si abundance than the clusters. This is in agreement with the general trend noted by Fukazawa et al. (1998) . Ponman, Cannon & Navarro (1998) examined the density distribution in a sample of clusters, and concluded that supernovae driven winds were probably only efficient in expelling a significant amount of gas and metals in clusters with virial temperatures below approximately 4 keV. Therefore, a flat distribution of Si for clusters hotter than about 4 keV suggests a similarity in gas enrichment history throughout clusters. The observed scatter of Si abundances in our sample could be an indication of detailed differences in the evolution of individual clusters (we return to this subject below).
Neon
The results concerning the Ne distribution are similar to that of Si, except that the errors are larger. As with Si, Ne gradients are not seen at a high significance. The Ne abundance in A2670 and A2029 are highly uncertain, and we do not present the results here. The large uncertainties in the best fit Ne abundances smear out the differences among the systems. In a few cases (A496, A780, A2597 and A3112), the best fit Ne abundance at a radial distance of 1 Mpc is constrained to be between ∼ 0.3 and solar, while for the remainder of the systems it is only constrained to be less than solar. Only A496 exhibits a slight central excess of Ne.
The derived Ne abundances are affected by the inclusion of a cooling flow model. Typically, the Ne abundance decreases when a cooling flow model is included in the spectral analysis of the central bin. This is due to the fact that the Ne lines lie at nearly the same energy as the L-shell Fe blend, so that emission from cooling gas can be confused with Ne emission.
In presenting the Ne results, we take the best fit values based on the spectral analysis that includes a cooling flow model, while the errors include the uncertainties in models with and without a cooling flow component. The Ne abundances presented in Mushotzky et al. (1996) , neglect the contribution from a central cooling flow and are slightly higher than our values (but still within the quoted errors).
Sulfur
By coupling the abundances of S and Ar, we obtain errors smaller than the errors listed in Mushotzky et al. (1996) . Even with this coupling, the uncertainties in the S and Ar abundances in A2670 and A2029 are large, and we do not present the results for these two clusters. A central enhancement in sulfur in detected in MKW4 and marginally in A1060 and A496 (see Fig.5 ). For the remainder of the sample, the spectroscopic results are consistent with a uniform sulfur distribution with values of 50-100% the solar value.
The sulfur abundance at a radius of 1 Mpc is less then 0.5 solar in all the systems in our sample. Definite non-zero values for the S abundance at 1 Mpc are only detected in A2199, and definite non-zero values at all radii within a cluster could only be obtained in five systems (MKW4, A496, A1060, A2199 and A4059).
While the results on the S distribution in clusters are affected by uncertainties in the measurements, in general, global gradients in alpha-process elements in our sample appear to be considerably weaker than the Fe abundance gradients. This has the direct implication that SN II products are more widely distributed in clusters, while SN Ia products are more centrally concentrated. According to simulations of Metzler & Evrard (1994) , much of the expected abundance gradient is due to different distributions between galaxies and gas. Within this scenario, the different distributions of SN Ia and SN II products can be explained if the radial behavior of gas-to-galaxy ratio differs between the main epochs of release of these products. SN II products should be released whilst galaxy and gas distributions are similar (resulting in weak abundance gradients), whilst later, when SN Ia products are released, the gas distribution should be more extended than that of the galaxies in order to reproduce the observed gradients. This picture is in general agreement with the findings of Ponman et al. (1999) , that SN II-driven winds are mostly released before cluster collapse and preheat the gas. The resulting flattening of the gas profile, relative to the galaxy distribution, then leads naturally to the generation of an abundance gradient if further processed gas is injected from galaxies after the difference in density profiles has been established. We will return to the role of the different SN types in the metal enrichment process below. from Sarazin et al. (1998) . Crosses on A496, A1060 and A2199 panels show the results from Mushotzky et al. (1996) . A cross on MKW4 panel show the results from Fukazawa et al. (1998) with radii of measurement from Fukazawa (private communication) . Crosses on the A780 plot denote the results of modeling of GIS data from Ikebe et al. (1997) and similarly on A4059 plot from Kikuchi et al. (1999) . Mushotzky et al. (1996) . S is coupled with Ar in our fitting, so out limits are sometimes more strict, comparison to Mushotzky et al. (1996) values.
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ABUNDANCE RATIOS
To demonstrate the radially increasing importance of SN II in the enrichment process we show in Fig.6 how the Si/Fe ratio varies with radius. In the central regions, groups have a stronger role of SN Ia enrichment compared to clusters; however, this difference decreases with increasing radius. The observed scatter in Si/Fe is probably a direct reflection of the different formation history of individual clusters. Below we show that high Si/Fe ratios correlate with high gas mass fractions. We note, that this comparison is made well within r 500 , where very little scatter in the gas fraction was found (Ettori & Fabian 1998; Vikhlinin, Forman and Jones 1999) . A2199, which has a large central gas fraction, also has the highest central Si/Fe ratio. It therefore seems that SN Ia enrichment is the most significant in systems lacking gas, due to either earlier mass loss from winds or a merger event. Most rich clusters are characterized by an overabundance of Si relative to Fe at large radii. At large radii, groups can attain gas mass fractions comparable to rich clusters, but they still lack the metals in terms of lower Fe abundances, [Si/Fe] ratios, and IMLRs (cf Figs.2 and 9) .
In Fig.7 we compare our abundance determinations for the hot gas in groups and clusters with stellar data. To make a direct comparison between the hot gas and stars we have converted our abundances to the "meteoritic" units in Anders & Grevesse (1989) . We omit the data within the central 200 kpc of clusters, where the effects of cD galaxies are probably important, as shown below. Fig.7 shows that the gas in groups has experienced greater enrichment from SN Ia compared to rich clusters. This can arise from a greater release of SN Ia elements into the intragroup medium, or a greater loss of SN II ejecta in groups compared with that in rich clusters. As we will estimate below, the mass of heavy elements injected by SN Ia per unit blue luminosity is very similar between groups and clusters, while groups have a significant deficit of SN II ejecta.
At high metallicities, groups (clusters) show a greater (similar) enrichment by SN Ia than galactic stars. In contrast, at low metallicities, clusters exhibit an overabundance of alphaprocess elements relative to galactic stars and the predicted SN II yields (averaged over a Salpeter IMF). Examination of Fig.7 shows that simply coadding groups will not reproduce cluster abundance ratios even in the central regions. Groups lack the high Si/Fe component, related to SN II activity, which is seen in the outskirts of rich clusters.
Another problem is that the Fe abundance in cluster gas is at least 0.2 solar, even after dilution of galaxy ejecta by primordial gas, while the metallicities of the SN II progenitor stars need to be < 0.1 solar in order to reproduce the observed high Si/Fe ratio. Thus, we infer a dramatic difference between the metallicity of stars responsible for most of the high Si/Fe enrichment and the metallicity of the gas injected into the ICM. A possible solution could be that the SN II ejecta was immediately (preferentially) lost in a metal-rich galactic wind. These arguments provide additional support for an effective bimodality of star formation; "effective" since it is not necessary that the same galaxies are responsible for the bulk of SN Ia and the SN II enrichment of ICM. The conclusion of Arnaud et al. (1992) on the prevalent role of early-type galaxies in the metal enrichment of the ICM was based on abundance determinations dominated by the central regions of clusters. Therefore, the question of what type of galaxies were responsible for the bulk of the iron enrichment in cluster outskirts remains open. For example, the known qualities of dwarf galaxies (cf Trentham 1994; D'Ercole & Brighenti 1999) fit nicely into our scenario for high Si/Fe production with the preferential escape of SN ejecta. Gibson & Matteucci (1997) estimate the amount of iron possibly contributed by dwarf galaxies to be up to 1/3 of the total iron mass, which is sufficient to explain the high Si/Fe component we observe.
In the above analysis, we excluded our results on sulfur. As was first shown by Mushotzky et al. (1996) and confirmed by later studies (cf Finoguenov & Ponman 1999) , the measured S/Fe ratios are consistent with pure SN Ia yields, despite the assumption of S as an alpha-chain element. Fig.8 shows that our data only adds to this problem. Applying the results of SN II nucleosynthesis calculations to measurements of [S/Fe] vs [Fe/H] for galactic stars, Timmes, Woosley and Weaver (1995) comment that sulfur is mainly produced by very massive progenitors (M > 30M ⊙ ) of high metallicity (Fe abundance > 0.1 solar). Thus, the above-proposed bimodality of cluster enrichment, where SN II enrichment arises from lowmetallicity stars with later enrichment of SN Ia ejecta, also provides an explanation for the observed low [S/Fe]. As discussed in Timmes et al. (1995) , sulfur is not directly measured in stars or modeled with a high degree of certainty, but may serve to discriminate the flat IMF required to explain both cluster and elliptical enrichment. In addition, [S/Fe] can potentially provide restrictions on the release of elements from spiral galaxies, which are expected to have high [S/Fe]. (Timmes, Woosley and Weaver 1995) . The thickness of the line reflects the intrinsic scatter. Abundance units correspond to "meteoritic" values from Anders & Grevesse (1989) and [] indicate logarithmic values. Error bars are shown at the 68% confidence level. The dotted lines show the abundance ratios in pure SN Ia ejecta (Thielemann et al. 1993) , and the dashed lines show the averaged abundance ratios in SN II ejecta from Tsujimoto et al. (1995) . The plots contain several points per system, derived at different radii. 
Iron Mass to Light ratios
The iron mass-to-light ratio (IMLR, h −1/2 50 M ⊙ /L ⊙ ) is a very useful diagnostic for characterizing the ability of a system to synthesize and retain heavy elements. By resolving the spatial distribution of heavy elements, we can make a comparison with the distribution of optical light and not just the integrated values. The basic optical properties of our cluster sample are summarized in Table 1 . The optical light is normalized to the observed value (L B ) within a radius (R LB ), and a King profile is assumed for the galaxy light distribution. The cumulative IMLR, including light from the cD galaxy (which we include as a central point of light) is shown in Fig.9 . Radii in Fig.9 are expressed in units of the virial radius (see Tab. 1, col. 14).
While the IMLR increases with radius in all systems, the clusters have higher IMLR values at a given radius compared with that in groups. The IMLR for the clusters in our sample is less than 0.02 at all radii and less than 0.006 at all radii in groups. In the central ∼ 70 kpc of cD groups and clusters (this only excludes HCG51 and HCG62), the IMLR is less than 0.001. The Fe in this region can be produced by stellar mass loss from the cD galaxies alone (cf Mathews 1989).
Enrichment by cD galaxies
In our sample, cD galaxies dominate the light within the central 200 kpc of most clusters, while in groups and clusters with especially bright cDs (e.g., A2199) the cD dominates the light within the central 400 kpc. Cumulative IMLR profiles with and without the inclusion of the central 200 kpc (compare Figs.9 and 12) exhibit different behavior. Including the light from the cD galaxy produces an increasing IMLR with radius, while excluding the light from the cD galaxies produces nearly constant IMLR. This cannot be explained by our treatment of the cD galaxy as a point source since most of the light from a cD arises from within the central 50 kpc, and suggests a stronger retention of elements during star formation in the cD galaxy. Alternatively, the cD could be formed from galaxies that already lost their gas to the ICM. In this scenario, the cD should not be included in the IMLR calculation, but rather the total light profile should be corrected to account for the contribution from galaxies now merged into a central cD.
In the following, we will constrain the ICM enrichment at the cluster center by the cD galaxy. Our arguments are based on the assumption of high (> 0.1 solar) metallicity gas involved in star formation, which is justified by the high metallicities of cD galaxies, implied by optical observations. Therefore, this type of enrichment is not able to produce the high Si/Fe ratios observed in cluster outskirts. We can use this to constrain the maximum contribution to the IMLR from the cD. The tightest constraints are obtained for MKW4 and A2199. For example, based on the Si/Fe profile (Fig.6) for MKW4, we see that the requirement that Si/Fe from the cD ejecta should be less than the ratio from pure SN II yields, limits the dominance of cD enrichment to within 400 kpc in this system. Comparing this result with the Fe M/L cD ratio for MKW4 (Fig.10) , we see that this corresponds to a IMLR of < 0.005. If we take this limit from the cD to be universal, the contribution of cDs to the enrichment of the ICM is constrained to the central 150 kpc in our cluster sample (cf Fig.10 ), except for Virgo, A1060, N5044 and MKW4, where it is constrained to be within 300, 200, 200 and 400 kpc, respectively.
IMLRs of both Types of SNe
By resolving the spatial distribution of elements synthesized in different types of SNe, we can determine the IMLR for each type. The primary method for discriminating between enrichment by SN Ia and SN II lies in the differences between their heavy element yields. This is primarily reflected in differences between the α-processed elements and Fe. Unfortunately, the complicated physics of SN II explosions lead to discrepancies in the SN II yields between different authors. contributed by SN Ia as a function of radius. Gray lines represent groups and black lines represent clusters. The thick solid gray line shows the typical decrease with radius in the early-type galaxy fraction in clusters (Whitmore, Gilmore and Jones 1993) adjusted by a factor of 0.2 for illustrative purposes.
We adopt the SN II yields from the recent compilation by , where an attempt was made to incorporate all theoretical predictions into the same mass grid for a more direct comparison. The yields of SN Ia are obtained from Thielemann et al. (1993, TNH93) . To decompose the Fe profiles into contributions from the two types of SNe, we use the observed Si and Fe abundances in each cluster and the yields of T95. This approach has the advantage that Si and Fe abundance profiles have been determined for our entire sample, and that the spread in the Si/Fe yields is low between the T95 and W95 models.
At large radii in some clusters, the Si/Fe ratios exceed the theoretically adopted value for pure SN II ejecta. In these cases, we attribute all of the Fe to SN II. Since the observed SN II yield is inconsistent with the theoretical predictions in these outer regions, it is difficult to constrain the role of SN Ia at large radii.
As can be seen in Fig.11 , the Fe contribution from SN Ia is centrally concentrated in all systems. The resulting [Fe/H] distribution from SN Ia depends on the spatial distribution of the injected Fe relative to the distribution of the ambient gas when the enrichment occurs. For simplicity, if we assume that during the period of enrichment, that the gas and galaxies have the same distribution and all galaxies contribute equally to the enrichment, than [Fe/H] should be independent of radius. Since a negative iron abundance gradient is observed, the gas must be preferentially released near the center of the groups and clusters.
In Fig.11 we also show the radial behavior of the fraction of early-type galaxies in clusters (Whitmore et al. 1993) . Whitmore et al. find this behavior to be universal in all the clusters in their sample. However, we note that their sample only includes systems optically richer than A1060. If only early-type galaxies contribute to the heavy elements in the ICM, than the increase in the fraction of early-type galaxies toward the center might account for the observed Fe gradients in the outskirts of clusters, however, inside 300-400 kpc the observed rise in metallicity is much steeper. Thus, the central concentration of Fe injected from SN Ia cannot be explained by either the influence of the central cD or by the greater fraction of early-type galaxies in the center of clusters. Density dependent mechanisms, like gas stripping, galaxy harassment or tidal disruption are therefore favored. As was discussed previously, the anomalously low [S/Fe] ratio found in central parts of the clusters argues in favor of early-type galaxies over spirals as the source of most of the metals, since the latter should result in nearly solar [S/Fe].
In the following analysis, we exclude the central 200 kpc region in the computation of the Fe mass and optical light. This also allows us to present the IMLR for A780 and A1651, for which cD luminosities were not available. For Virgo, A1060 and NGC5044 we have only one point left. In Fig.12 we show the IMLR derived in this way and its decomposition onto type II and Ia SN. The distribution of total IMLR is similar to that of the type II IMLR, and is on average flat with radius for clusters, while it increases with radius in groups, suggesting a greater influence of SN II driven winds. Among clusters, type II SN IMLR increases with radius in AWM7, A496, A2670, decreases in A2597 and is nearly constant with radius for the remainder of the sample.
To provide a clearer picture of the observed trends in the IMLR with respect to the depth of the gravitational potential of these systems, we show how the IMLR at 0.2R v and 0.4R v varies with gas temperature (Figs.13 and 14) . At a given fiducial radius, the IMLR from SN II increases with gas temperature. This trend is mainly defined by the low iron M/L in groups and implies a greater ability to retain Fe released by SN II in hotter systems. The IMLR from SN II converges at large radii in rich clusters to a value of ∼ 0.01. At 0.4R v the difference between groups and rich clusters in the IMLR due to SN II is smaller than at 0.2R v .
Differences in the IMLR from SN Ia are less pronounced between groups and clusters and are more significant at 0.2 than at 0.4 R v . The SN Ia IMLR at 0.2R v is only tightly constrained for A1060, AWM7, A3112 and A4059. The average value of SN Ia IMLR in these systems is ∼ 0.005, while the average for the groups is ∼ 0.002. Fig.15 shows that clusters with a high IMLR have large Si to Fe ratios. Systems with high Si/Fe also seem to have high gas fractions (Fig.15) . The scatter in SN II Fe M/L at a given temperature may reflect differences in the collapse epochs of the systems, e.g., systems that virialize earlier might have more centrally deposited SN II products, or were able to retain SN II products closer to the center. In view of last possibility and a correlation of radial behavior of IMLR and f gas , found in Finoguenov & Ponman (1999) , we can also explain a correlation of high Si/Fe ratio with gas fraction, seen in Fig.15 .
Thus far we have distinguished 3 types of enrichment in clusters: 1) SN II that produce abnormally high Si/Fe ratios, 2) "normal" SN II, and 3) "normal" SN Ia. Each of these types contributes roughly 1/3 of the IMLR value of 0.02. Using the tabulated values from Renzini et al. (1993) we conclude that the implied role of SNe Ia in iron enrichment of the ICM is consistent with the low present-day SN Ia rate found in optical searches (cf Capellaro et al. 1997 ) and implied by X-ray observations of early-type galaxies (cf . The production of iron by "normal" SN II is also in agreement with theoretical estimates (Matteucci and Gibson 1995) . So, the only source awaiting an explanation is SN II with high Si/Fe. Scenaria that have been already proposed, which matches our requirements are bimodal star formation in early-type cluster galaxies (Elbaz et al. 1995) and/or contribution to ICM enrichment from dwarf galaxies (Trentham 1994 ).
SUMMARY
We have derived the distribution of heavy elements in a sample of groups and clusters and compared these distributions to the galaxy distribution. Our main results are:
• For clusters with the best photon statistics, we find that the total Fe abundance decreases significantly with radius, while the Si abundance is either flat or decreases slightly. This results in an increasing Si/Fe ratio with radius and implies a radially increasing predominance of Type II SNe enrichment in clusters. In rich clusters, the overall Fe mass from SN II requires N SNII /N SNIa ∼ 20 within 0.2R v , substantially different from the balance in our Galaxy (7 : 1).
• SN Ia products show a strong central concentration in most clusters, suggesting a release mechanisms with a strong density dependence (e.g., ram pressure stripping of infalling gas rich galaxies). Moreover, the corresponding IMLR for SN Ia decreases with radius in most clusters.
• In an alternative scenario, suggested by simulations of Metzler & Evrard (1994) , a flattening of the gas profile relative to the galaxy distribution will naturally produce an abundance gradient if the processed gas is injected after the difference in density profiles is established. Within this scenario, we expect that the central gas mass fractions would decrease after the initial epoch of SN II enrichment and produce the observed differences in the radial distributions of Fe and alpha-chain elements in general agreement with the findings of Ponman et al. (1999) . Given the radial behavior of the IMLR attributed to SN Ia, we suggest that both mechanisms may be important in the formation of the observed Fe abundance gradient.
• The dependence of [Si/Fe] vs [Fe/H] reveals a larger role of SN Ia in the enrichment of groups compared to clusters. Due to differences in the elemental abundance patterns, it is not possible to produce a cluster by simple coadding groups. The lack of metal attributed to SN II in groups suggests that SN II products were only weakly captured (or retained) by the shallower potential wells of groups due to the high entropy of the preheated gas.
• We have identified an additional component in the chemical enrichment of clusters that is associated with gas with an extremely high Si/Fe ratio. We suggest, based on the observed relation between [Si/Fe] vs [Fe/H] in the stars in our galaxy, and the theoretical arguments in Timmes et al. (1995) , that this component arises from galaxies with short periods of star formation. The morphological type of galaxies associated with this enrichment mechanism remains to be resolved. Gas with high Si/Fe ratios are preferentially found in clusters with large gas mass fractions, so it seems likely that this gas is released into the ICM during the early epochs of cluster formation.
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